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Supplementory information to "Gaze stabilization in blowflies on the wing" (C. 
Schilstra, J.H. van Hateren)
Methods
Figure 1. a, The position and orientation of both thorax and head were measured 
simultaneously by a double version of the modified search coil technique described in ref 
(6). Briefly, 3 orthogonal pairs of magnetic field coils (driven at 50, 68 and 86 kHz, two 
fields homogeneous, one gradient) surrounded a cage of 40x40x40 cm3; in this cage 
blowflies flew with an average speed of 0.58 m/s. On the fly's head and thorax, two 
systems of 3 orthogonal sensor coils were mounted (weights 0.8 and 1.6 mg; cf. 8 mg for 
a typical blowfly head). The voltages induced in these coils were measured with two sets 
of 9 lock-in amplifiers. The resulting system yields position and orientation with a 
temporal resolution of 1 ms, a spatial resolution of approximately 1 mm, and an angular 
resolution of approximately 0.5 deg. The head coils were connected to the thorax via a 
flexible wire loop; control experiments on tethered flies, performed by varying the 
mechanical load of coils and loop, showed negligible influence of coils and loop on head 
rotations. The head and thorax coils were connected to the bottom of the cage via a thin 
cable (12 leads of 12 micrometer copper wire, total weight 10 mg; cf. 80 mg for a typical 
blowfly). Control experiments performed by varying the weight of the cable showed no 
interference with normal flight. The walls of the cage were covered with patterns of 
branches and leaves; average luminance was 150 cd/m2 for the walls, and 800 cd/m2 for 
the ceiling. b, Rotations are described by an ordered sequence of yaw, pitch, and roll 
(Fick coordinate system10). In order to comply with aeronautical sign conventions, we 
define yaw angle, pitch angle, and roll angle. c and d, The curves were obtained by 
detecting head turns through thresholded maxima in the total angular velocity of the head 
(low-pass filtered with a Gaussian with sigma=5 ms to reduce noise). Of the 6697 turns 
thus detected (from flights of >2 s duration in 4 flies), turns with a total head yaw 
between 10 and 20 deg to the left were selected. Of the resulting 713 turns, the 100 ms 
yaw, pitch, and roll surrounding the detection point were averaged; averages for each of 
the 4 flies separately gave similar results, and movements consistent with this were 
measured in 13 flies where only head movements were recorded, and 6 flies where only 
thorax movements were recorded. The mean of each trace was subtracted to cancel offset 
(such as arbitrary average yaw). Before averaging, ht was obtained for each turn by 
multiplying the inverse of the t rotation matrix with the h rotation matrix10. Note that ht is 
not exactly h-t, because ht is defined in a different coordinate system. 
Figure 2. a, Full scale corresponds to a probability density 1.2 10-3 deg-1s. b, Full scale 
corresponds to a probability density 2.4 10-2 deg-1s. For each of the 6697 turns detected 
(see the legend of Fig. 1), the rise time of the total angular velocity of the head (time 
between 10% and 90% amplitude) was calculated; the turn was defined as this period, 
extended by 25% both at onset and end in order to include the early and late phases of 
both head and thorax turns. All periods thus defined amounted to 37% of the total flight 
time. The remaining time was designated as 'between turns'.
